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Abstract

Objective To examine how temporal trends in age-stan-
dardized female breast cancer death rates vary by state and
race.

Methods We analyzed mortality data from the National
Center for Health Statistics (NCHS) for the years 1975
through 2004 by state and race using joinpoint analyses.
Results By 2004, breast cancer death rates in white
women were decreasing in all 50 states and the District of
Columbia (DC), with the onset of decline varying by state.
In contrast, among African American women, breast can-
cer death rates increased in two states (Arkansas and
Mississippi) of the 37 states analyzed, were level in
24 states, and decreased in 11 states. In general, states that
showed little progress in reducing breast cancer mortality
rates over time had higher death rates in 2003-2004.
Conclusion Trends in breast cancer death rates vary
widely by state and are considerably less favorable in
African American than in white women. State cancer
control efforts should ensure that all women have access to
high-quality early detection and treatment services.

Keywords Breast cancer - Mortality - Trends -
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Introduction

Breast cancer death rates in women have decreased
nationally in the United States since 1990, due to both
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increased use of screening mammography and improve-
ments in breast cancer treatment [1]. The decrease has been
more rapid in white than in African American women
resulting in a widening disparity. Factors that contribute to
the higher death rate in African American women are
believed to include differences in access to and utilization
of detection and treatment, receipt of timely and high-
quality treatment, risk factors that are differentially dis-
tributed by race or socioeconomic status, or biologic
differences associated with survival [2].

Studies have also shown geographic variation in breast
cancer mortality trends with larger decreases in the
Northeast, Midwest, and West than in the South [3-5].
Reasons for regional variations in mortality trends are
thought to include regional differences in breast cancer
incidence, risk factors, screening, and treatment [2, 4-8].
However, no previously published studies have examined
breast cancer mortality trends by state, where cancer con-
trol plans are developed and many of the policies that
affect access to mammography and high-quality cancer
care are implemented. The objective of this article is to
examine how temporal trends in age-standardized female
breast cancer death rates vary by state and race.

Materials and methods

Data on breast cancer incidence were obtained from the
National Cancer Institute’s Surveillance, Epidemiology,
and End Results (SEER) nine oldest registries and are
adjusted for reporting delay [9]. Delayed reporting gen-
erally affects the most recent 1-3 years of incidence data
(in this case, 2002-2004). The NCI has developed a
method to account for expected reporting delays in SEER
registries when long-term incidence trends are analyzed
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[10]. Information on deaths from breast cancer during
1975 through 2004 was obtained from the SEER*Stat
Database, as collected by the National Center for Health
Statistics (NCHS) [11]. We calculated the age-standard-
ized female breast cancer death rates (directly adjusted to
the 2000 US standard population) for African American
and white women in the combined years 2003 and 2004
by state using SEER*Stat software [12]. Death rates
among African American women are not presented for
17 states with fewer than 25 breast cancer deaths in
2003-2004.

We used the joinpoint regression model to examine
temporal trends in age-standardized female breast cancer
death rates by state and race from 1975 to 2004 [13].
This method fits a series of joined straight lines on a log
scale to the trends in age-adjusted rates, with each
junction or “joinpoint” denoting a statistically significant
change in trend. The overall significance was set at
p = 0.05, with a maximum of three joinpoints and four
line segments allowed. An annual percent change (APC)
was used to describe the trend for each line segment. In
describing trends, we use the terms “increase” or
“decrease” when the slope of the line segment is sta-
tistically different from zero; otherwise we use the terms
“stable” or “level.”

The temporal trend among African American women
could not be evaluated in 13 states that had no recorded
deaths from breast cancer in at least one of the study years.
Therefore, our analyses of trend include 37 states and the
District of Columbia (DC) for African American women
and all 50 states and DC for white women.

Results

Figure 1 illustrates the temporal trends in breast cancer
mortality and incidence rates that occurred nationally in
African American and white women from 1975 through
2004. Before 1980, death rates were lower for African
Americans than whites; subsequently, death rates rose
much more markedly in African American than white
women. Although death rates began to decline in 1990 for
white women and in 1991 for African American women,
the decline in the death rates has been substantially larger
in white than in African American women (2.4% per year
vs. 1.2% per year, respectively). The ratio of the age-
standardized death rates among African American women
compared to white women increased from 1.18 (95% CI,
1.14-1.22) in 1991 to 1.36 (95% CI, 1.32-1.39) in 2004,
despite lower incidence rates in African American women.
After increasing for many years, breast cancer incidence
rates began to decline in 2001 in white women. In contrast,
incidence rates have remained relatively stable in African
American women since 1992.

Joinpoint analyses of the trends in breast cancer death
rates are presented for the nation, regions, and each state by
race in Table 1. Death rates have decreased in the most
recent time period (the last joinpoint segment) among
white women in all states and in DC, however the onset
and the rate of decrease has not been uniform. The decline
in death rates among whites in most states began approx-
imately in 1990, although it began much earlier in states
such as Massachusetts, Hawaii, and DC. During the mid-
1990s, the decline in breast cancer mortality rates began to
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Table 1 Trends in female breast cancer death rates by state and race, according to joinpoint analyses®, U.S., 1975-2004
Region/ Race Death rate® Trend 1 Trend 2 Trend 3 Trend 4
State 2003-2004
Years Annual Years Annual Years Annual Years Annual
% change % change % change % change
U.S. White 24.2 1975-1990 0.3¢ 1990-2004 —2.4¢
Black 33.1 1975-1991 1.6 19912004 —1.2¢
Northeast White 25.6 1975-1990 0.1 1990-2004 —2.8°
Black 29.6 1975-1994 0.6° 1994-2004 —2.5°
Connecticut ~ White 24.1 1975-1987 —0.6 1987-2004 —2.2°
Black 25.7 19752004 —0.1
Maine White 24.2 1975-1991 0.0 19912004 —-2.7¢
Black - -
Massachusetts White 24.6 1975-1984 1.2¢ 1984-1993 —1.1¢ 1993-2004 —3.5¢
Black 25.8 1975-1994 1.3 1994-2004 —5.3¢
New
Hampshire White 24.2 1975-1990 1.1¢ 1990-2004 —3.6°
Black - -
New Jersey =~ White 27.0 1975-1990 0.1 1990-2004 —2.6°
Black 33.7 1975-1991 1.5¢ 1991-2004 —1.9°
New York White 25.2 1975-1989 0.0 1989-1996 —2.2° 1996-2004 —3.6°
Black 27.9 1975-1995 0.3 1995-2004 —2.7°
Pennsylvania White 26.7 1975-1990 0.5¢ 1990-2004 —2.4°
Black 33.0 1975-2004 0.0
Rhode Island White 23.0 1975-1991 0.1 19912004 —3.8¢
Black - 19752004 —1.5
Vermont White 25.4 1975-1987 1.3¢ 1987-2004 —2.6°
Black - -
Midwest White 24.3 1975-1990 0.3¢ 1990-2004 —2.5°
Black 35.4 1975-1988 1.6° 1988-2004 —0.6°
Illinois White 24.1 1975-1991 0.2° 19912004 —3.0°
Black 38.8 1975-1986 2.0° 1986-2004 —0.1
Indiana White 24.9 1975-1989 0.6° 1989-2004 —2.1¢
Black 32.2 1975-2004 0.0
Iowa White 22.6 1975-1992 0.3 1992-2004 —3.0°
Black - -
Kansas White 24.2 1975-1989 0.4 1989-2004 —1.8°
Black 38.2 1975-2004 1.0
Michigan White 23.4 1975-1990 0.1 1990-2004 —2.6°
Black 33.4 1975-1977  15.1 1977-1990  1.7¢ 1990-2004 —1.3¢
Minnesota White 22.8 1975-1990 0.5 1990-2004 —2.9°
Black 28.1 19752004 —0.9
Missouri White 25.1 1975-1989 0.7°  1989-2004 —1.9°
Black 37.4 1975-1977 —15.6 1977-1983 6.6 1983-2004 —0.3
Nebraska White 23.0 1975-1990 0.5 1990-2004 —2.9°
Black - 1975-2004 23
North Dakota White 22.9 1975-1992 —-0.3 1992-2004 —2.6°
Black - -
Ohio White 26.6 1975-1989 0.3 1989-2004 —2.1°
Black 35.0 19752004 —0.2
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Table 1 continued

Region/ Race Death rate® Trend 1 Trend 2 Trend 3 Trend 4
State 2003-2004
Years Annual  Years Annual Years Annual Years Annual
% change % change % change % change
South
Dakota White 24.4 1975-2004 —1.3°
Black - -
Wisconsin White 23.4 1975-1990 0.0 1990-2004 —2.7¢
Black 26.1 1975-2004 —0.1
West White 23.9 1975-1990 0.2 1990-2004 —2.3¢
Black 31.2 1975-1985  2.4° 1985-2004 —1.1°
Alaska White 19.8 1975-2004 —1.3°
Black - -
Arizona White 22.3 1975-1990 0.6 1990-2004 —2.2°¢
Black 34.1 19752004 0.9
California White 24.0 1975-1990 0.0 1990-2004 —2.5°
Black 33.7 1975-1985  2.6° 1985-2004 —0.9°
Colorado White 23.4 1975-1990 0.5 1990-2004 —2.2°
Black 18.0 1975-2004 —1.0
Hawaii White 22.8 1975-1981 7.2 1981-2004 —1.8°
Black - -
Idaho White 23.5 1975-2000 —0.8°
Black - -
Montana White 22.5 1975-1990 0.7 1990-2004 —2.4°
Black - -
Nevada White 26.8 1975-2004 —0.7°
Black 29.0 1975-2004 —0.5
New Mexico White 24.3 1975-1987  1.9° 1987-2004 —1.8°
Black - -
Oregon White 25.6 1975-1988 0.7 1988-2004 —1.6°
Black - 1975-1982 12.6 1982-2004 —4.2°
Utah White 23.3 1975-1977 14.9 1977-2004 —0.8°
Black - -
Washington ~ White 24.2 1975-1980 —2.3 1980-1989 1.1 19892004 —2.5°
Black 23.1 1975-2004 —1.5°
Wyoming White 24.7 1975-1991 1.2 1991-2004 —2.7¢
Black - -
South White 23.4 1975-1990  0.8° 1990-2004 —2.0°
Black 33.9 1975-1993  1.9° 1993-2004 —1.4°
Alabama White 23.2 1975-1984  1.7° 1984-2004 —1.1°
Black 304 1975-1990  2.8° 1989-2004 —1.7°
Arkansas White 22.8 1975-1984 —0.9 1984-1987 7.0 1987-2004 —1.6°
Black 33.1 1975-2004  1.9°
Delaware White 24.7 1975-1988  1.9° 1988-2004 —3.2°
Black? 31.4 1975-1978 51.9° 1978-2004 —1.1
DC White 24.2 19752004 —1.8°
Black 32.0 1975-1996  1.2° 1996-2004 —4.9°
Florida White 22.4 1975-1992 0.2 1992-2004 —2.9°
Black 29.6 1975-1988  3.0° 1988-2004 —1.2°
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Table 1 continued
Region/ Race Death rate® Trend 1 Trend 2 Trend 3 Trend 4
State 2003-2004
Years Annual  Years Annual Years Annual Years Annual
% change % change % change % change
Georgia White 24.1 1975-1988  1.8° 1988-2004 —1.6°
Black 32.0 1975-1988  3.4° 1988-2004 —0.7
Kentucky White 23.9 1975-1989  1.0° 1989-2004 —1.6°
Black 39.6 1975-2004 0.0
Louisiana White 24.5 1975-1995 0.4 1995-2004 —2.2°¢
Black 41.2 1975-1990  2.8° 1990-2004 0.0
Maryland White 24.8 1975-1989 —0.2 1989-2003 —2.3¢
Black 33.9 19752004 —0.1
Mississippi ~ White 23.6 1975-1989  1.0° 1989-2004 —1.0°
Black 35.4 1975-2004  1.8°
North
Carolina White 23.5 1975-1988  1.4° 1988-2004—2.0°
Black 33.7 1975-1988  2.7° 1988-2004 —0.7
Oklahoma White 24.2 1975-1994  0.8° 1994-2004 —2.4°
Black 34.0 1975-2004 0.5
South
Carolina White 21.6 1975-1988  1.6° 1988-2004 —2.3°
Black 31.0 1975-1997  2.0° 19972004 —-2.8
Tennessee White 24.9 1975-1992  0.9° 1992-2004 —1.7°
Black 38.7 1975-1991  2.2° 1991-2004 —1.6°
Texas White 22.8 1975-1983 —0.4 1983-1992  1.3¢ 1992-2004 —2.1°
Black 36.6 1975-1993  2.1° 1993-2004 —-0.8
Virginia White 24.6 1975-1978 —-34 1978-1985  2.8° 1985-1990 —0.3 1990-2004 —2.2°
Black 35.0 1975-1994  1.5° 1994-2004 —1.7°
West Virginia White 25.0 1975-1987  1.9° 1987-2004 —1.4°
Black - 1975-2004 1.0

 Joinpoint Regression Program version 3.0 (National Cancer Institute/US National Institutes of Health, Bethesda, MD). The annual % change is
based on rates that were age-adjusted to the 2000 US standard population using joinpoint regression analysis and include up to three joinpoints

® Rates per 100,000 age-adjusted to the 2000 US Standard population. Death rate not shown if based on fewer than 25 deaths
¢ The annual % change is statistically significantly different from zero (two-sided p < 0.05)

4 Annual % change during 1975-1978 based upon sparse data

accelerate in Massachusetts and New York. Examining the
trends by region, death rates decreased faster in the
Northeast (2.8% per year) compared to the South (2.0% per
year).

Table 1 also presents the trends among African Ameri-
can women in DC and the 37 states where the number of
deaths was sufficient to examine these trends. During the
most recent time period (the last joinpoint segment), death
rates decreased in 11 states and DC, were level by joinpoint
analyses in 24 states, and increased in two states: Arkansas
and Mississippi. Many of the states in which the breast
cancer death rates in African American women were level
or rising were in the South (12/17) and Midwest (8/12, data
could not be evaluated in three Midwestern states). Death

rates declined faster in the Northeast (2.5% per year since
1994) compared to other U.S. regions.

Figure 2 shows temporal trends in breast cancer death
rates for states that illustrate extremes of variation, espe-
cially among African American women. In Arkansas, death
rates have increased by 1.9% per year in African American
women since 1975, whereas the death rate has declined by
1.6% per year since 1987 among white women. Likewise
in Mississippi, death rates increased in African American
women from 1975 to 2004 by 1.8% per year and decreased
among white women by 1.0% per year since 1989. In
contrast, the death rates in New York and Florida have
decreased in both African American and white women,
although the decreases are steeper in whites.
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Fig. 2 Trends in breast cancer
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Figure 3 illustrates the distribution of states according to
their average, annual breast cancer death rates during
2003-2004 by race. State-specific rates range from 18.0 to
41.2 per 100,000 for African American women and from
19.8 to 27.0 per 100,000 for white women. There is min-
imal overlap in the distribution of breast cancer death rates
in African American and white women by state. In 32 of 37
states and DC, the death rate among African American
women exceeded the 95th percentile of the distribution in
white women. In general, states that showed little progress
in reducing breast cancer mortality rates over time had
higher death rates in 2003-2004.

Discussion

Our principal findings are that the temporal trends in breast
cancer death rates vary widely by state and are consider-
ably less favorable in African American than in white
women. The death rate in African American women
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decreased in only 11 of 37 states and DC, compared to
decreases in all 50 states and DC among white women.
Notably, from 1975 to 2004, the death rate increased rather
than decreased among African American women in two
states: Arkansas and Mississippi. In general, states that
showed little progress in reducing breast cancer mortality
rates over time had higher death rates in 2003-2004.
Variation in the prevalence and quality of mammogra-
phy screening across states and between races is likely to
contribute to the observed state variations in breast cancer
mortality [2, 8]. Although a report on mammography
trends by state indicates that mammography use increased
significantly between 1991 and 2000 in 43 of 47 states
analyzed (all except Alaska, Colorado, Minnesota, and
Washington) [8], some states continue to have low rates of
mammography screening, particularly among African
American women. For example, in 2004, 46% of African
American women age 40 and older living in Mississippi
and 51% in Arkansas reported having a mammogram in
the previous year compared to 62% in Florida and 57% in
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New York [2]. The National Breast and Cervical Cancer
Early Detection Program (NBCCEDP) is a federal program
to help low-income women gain access to timely, high-
quality breast and cervical cancer screening; however in
many states only a small percentage of the eligible women
are receiving mammography. According to data from the
program, the proportion of eligible women receiving a
program-funded mammogram during 2002-2003 varied by
state from 2% to 79%, with an average of 13% nationally
[14]. There is also considerable evidence that despite
increases in reported mammography screening rates,
African American women remain less likely to receive
adequate screening at recommended intervals [15] and
receive appropriate follow-up following an abnormal
mammogram [16] and thus are more likely to be diagnosed
at later stages [17, 18].

Regional variations in the quality and timeliness of
treatment are other factors that likely contribute to the geo-
graphic variation in the rate of progress in reducing breast
cancer mortality [5-7, 19, 20]. Osteen et al. reported that
women in the central and eastern southern states (Kentucky,
Tennessee, Mississippi, and Alabama) were less likely to
receive combinations of surgery with radiation therapy or
chemotherapy or both compared to women in other regions
[20]. Low-income women of all races and African American
women in particular, are less likely to receive prompt, high-
quality treatment [21-23]. Furthermore, African American
women and poorer women are more likely to experience
delays in diagnosis and treatment [24].

Access to and utilization of early detection and treatment
services are limited by low socioeconomic status [25, 26]. In
ten of the 26 states with no evidence of decreasing breast
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cancer death rates in African American women, the per-
centage of people living in poverty was above the U.S.
average (12.4%), according to the 2000 census [27]. These
ten states include Arizona, Arkansas, Georgia, Kentucky,
Louisiana, Mississippi, Oklahoma, South Carolina, Texas,
and West Virginia. In general, higher rates of poverty and
uninsurance exist in the South than in other regions of the
U.S. and among African Americans compared to whites [27,
28]. For example, in 1999, 19.9% of Mississippians and
15.8% of the population of Arkansas, the two states expe-
riencing increasing mortality rates in African American
women, were below the poverty level, compared to 12.4% of
the national population [27]. Likewise, 23% of women (ages
18-64 years) in Mississippi and 22% of women in Arkansas
lacked health insurance coverage during 2000-2002 com-
pared to the national average of 16% [29].

Variation in incidence rates may also contribute to the
observed variations in mortality rates. As shown in Fig. 1,
delay-adjusted breast cancer incidence trends for African
American women in the SEER 9 areas increased by 2.3%
per year from 1975 to 1992 and were stable from 1992 to
2004 [30]. However, long-term incidence data are not
available to examine temporal trends in breast cancer
incidence rates by state; therefore the extent to which
increasing mortality rates are associated with increasing
incidence rates in these states is not certain. Breast cancer
incidence trends are influenced by trends in underlying risk
factors (age at first birth, number of children, use of hor-
mone replacement therapy and post-menopausal obesity)
as well as trends in the prevalence of mammography [2]. It
is likely that increasing mortality rates in Arkansas and
Mississippi are in part due to true underlying increases in
risk of disease related to temporal patterns of reproductive
and other risk factors which may differ among African
American women in poor, rural areas of the South com-
pared to the U.S. as a whole [4]. Nonetheless, it is
important to note that differences in incidence trends and
rates do not explain differences in mortality trends between
African American and white women observed in most
states. Among all states with cancer registries meeting
quality standards, incidence rates are consistently lower
among African American women while mortality rates are
consistently higher [2]. Furthermore, incidence rates have
increased more rapidly in white women compared to
African American women according to combined data
from the 9 SEER registries (Fig. 1) as well as data from
each of the 13 SEER cancer registries (data not shown).

Access to quality mammography screening and treat-
ment are two factors that likely contribute to the breast
cancer mortality disparities we have identified at the state
level. Both of these factors are amenable to intervention by
state cancer control efforts. For example, in 2000, Missis-
sippi and Alabama created a partnership, the Deep South
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Network for Cancer Control, to address cancer disparities
in targeted underserved communities within these states
[31]. Prior to this initiative, Mississippi had little to no
infrastructure for cancer control, particularly within Afri-
can American and underserved communities. As a result of
these efforts, there have been considerable improvements
in screening rates and the prevalence of other cancer
awareness activities in the targeted communities and an
infrastructure has been created to facilitate continued
improvements within the state [31]. One of the future aims
of this program is to increase involvement in clinical trials,
especially among African American women in Mississippi,
which may increase access to new and improved breast
cancer therapies.

This study has several limitations. Analyses of mortality
data based on death certificates are dependent on the
quality of the information recorded. Although breast cancer
deaths are recorded with high accuracy, there may be some
geographical variation in the quality of death certificates
which may contribute to the observed trends [32]. A second
limitation of this study is that it is descriptive and we can
only speculate about the factors that have contributed to the
differing rates of progress against breast cancer in states.

Conclusion

While death rates from breast cancer have decreased for
white women in every state and DC, death rates have
increased or remain level for African American women in 26
states. These states in particular should focus their cancer
control efforts to increase health awareness within under-
served communities and to ensure that all women have
access to high-quality early detection and treatment services.
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